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 ABSTRACT 
 Background: The systems-based management of laboratory test ordering and results handling is a known source of error in primary 
care settings worldwide. The consequences are wide-ranging for patients (e.g. avoidable harm or poor care experience), general 
practitioners (e.g. delayed clinical decision making and potential medico-legal implications) and the primary care organization (e.g. 
increased allocation of resources to problem-solve and dealing with complaints). Guidance is required to assist care teams to 
minimize associated risks and improve patient safety. 
 Objective: To identify, develop and build expert consensus on  ‘ good practice ’ guidance statements to inform the implementation 
of safe systems for ordering laboratory tests and managing results in European primary care settings. 
 Methods: Mixed methods studies were undertaken in the UK and Ireland, and the ﬁ ndings were triangulated to develop  ‘ good 
practice ’ statements. Expert consensus was then sought on the ﬁ ndings at the wider European level via a Delphi group meeting 
during 2013. 
 Results: We based consensus on 10 safety domains and developed 77 related  ‘ good practice ’ statements (   80% agreement levels) 
judged to be essential to creating safety and minimizing risks in laboratory test ordering and subsequent results handling systems 
in international primary care. 
 Conclusion: Guidance was developed for improving patient safety in this important area of primary care practice. We need to con-
sider how this guidance can be made accessible to frontline care teams, utilized by clinical educators and improvement advisers, 
implemented by decision makers and evaluated to determine acceptability, feasibility and impacts on patient safety. 
 Keywords:   Laboratory tests ,  patient safety ,  results management ,  primary care ,  LINNEAUS collaboration 
 INTRODUCTION 
 The reliability of formal ordering and tracking systems to 
oversee the management of laboratory test requests 
and subsequent results handling is problematic and a 
known source of error in primary care settings worldwide 
(1 – 4). For patients and their relatives this may have mul-
tiple consequences in terms of contributing to avoidable 
harm and unnecessary distress, sub-optimal clinical 
management of illness and delayed treatments (Box 1), 
poor experience with care, miscommunication of test 
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DOI: 10.3109/13814788.2015.1043724
KEY MESSAGE:
·  Laboratory test ordering and results management are a source of error and avoidable harm in primary care settings 
worldwide 
·  The LINNAEUS collaboration developed good practice guidance to assist primary care teams in reviewing, developing and 
implementing safe systems and processes for ordering tests and managing results. 
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results by healthcare staﬀ , and the inconvenience of 
return appointments, repeating blood tests or making 
formal complaints (5 – 7). However, the absence of rigor-
ous research in this area means it is diﬃ  cult to reliably 
quantify the scale and extent of the issue. 
 For general practitioners (GPs), a range of profes-
sional, legal and accountability issues make the safe han-
dling of laboratory test results a high-level priority 
because of the patient safety evidence outlined (Box 2). 
Poor laboratory test follow-up, missed results and delays 
in communication are likely to have a greater impact on 
patients whose investigation outcomes point to the need 
for timely medical treatment or intervention. Lack of, or 
inadequate, results handling systems can therefore lead 
to clinical judgments on diagnostic and treatment deci-
sions being delayed based on the availability of incom-
plete information, which limits therapeutic options 
thereby potentially impacting on the safety of patient 
care (5 – 6,8 – 10). 
 The implications for the GP of this type of unsafe 
practice may also include having to cope with formal 
complaints by patients or relatives, litigation claims for 
ﬁ nancial compensation in the event of proven clinical 
negligence or upheld complaints, and possible licensure 
sanctions by medical regulators (1 – 6). A further conse-
quence may be a diﬃ  culty in repairing and maintaining 
the bond of trust in the doctor – patient relationship 
(5,7,11,12). 
 At the system level, the published evidence sug-
gests that general practices do not always have ade-
quate processes to track requests for investigations, to 
record the results of clinically signiﬁ cant abnormal 
investigations that are returned from laboratories, or 
to conﬁ rm whether follow-up action has taken place 
before results reports are ﬁ led in patients ’ records 
(6,8 – 10). Furthermore, in many countries general prac-
tices do not have eﬀ ective systems in place to reliably 
notify patients of normal results either, thereby shifting 
a level of responsibility onto the patient to contact the 
practice to obtain the results (5,9). This is despite med-
ico-legal accountability for tests ordered resting with 
the requesting clinician (11). The impact of poor results 
handling is evident in the associated ﬁ nancial costs 
incurred and use of human resources to problem-solve 
system failures and repeat related work tasks (8). Addi-
tionally the experience of poor healthcare service by 
patients may also have wider local community impacts 
in terms of creating bad publicity or a poor professional 
reputation (5,13). 
 In the absence of speciﬁ c guidance on this important 
topic, we aimed to take a rigorous research-based 
approach to identifying, developing and building consen-
sus on  ‘ good practice ’ guidance statements to inform the 
frontline implementation of safe systems for ordering 
laboratory tests and managing results in primary care 
settings internationally. 
 METHODS 
 Scope of Study 
 Internationally there is variation in primary healthcare 
design, provision of information technology decision 
support and practice systems for coordination of labora-
tory test ordering and result handling in and across 
countries. A key study focus was to ensure that the 
 ‘ good practice ’ guidance generated was largely relevant 
in principle to all countries, regardless of the primary 
care systems in operation. Also, given the scope, range 
and complexity of clinical investigations that can be 
ordered by primary care clinicians, the authors decided 
to narrow the study focus to include only common, high 
volume biochemistry and haematology blood test 
requests — although it was recognized that the principles 
underpinning any developed guidance would apply 
more widely. 
 Box 1. Example of a laboratory results handling patient safety incident. 
 A 68-year old patient attended the family doctor complaining 
of non-speciﬁ c tiredness. The doctor ordered a thyroid 
check to exclude hypothyroidism, a glucose level to exclude 
diabetes and a full blood count (FBC) to exclude anaemia. 
The patient ’ s blood sample was taken two days later by 
the phlebotomist. The patient phoned one week later for the 
results. The administrator informed the patient that the 
doctor said that the results were  ‘ normal. ’ The administrator 
did not realize that although the thyroid and sugar test were 
normal, the FBC had not been returned to the practice. When 
the patient attended a further appointment, three-months 
later, it was noticed that the FBC had not been returned to 
the practice. The original result had been sent to the wrong 
practice. It demonstrated a possible iron deﬁ ciency anaemia. 
Follow-up investigations conﬁ rmed the iron deﬁ ciency with 
secondary care investigation ﬁ nding the cause was a colonic 
cancer. 
Box 2. Take home messages on safe laboratory testing in primary care.
·  Laboratory test ordering and results handling processes are a 
source of error and avoidable patient harm in primary care. 
·  Lack of, or inadequate, safety systems to guide  ‘ good practice ’ 
and mitigate errors are common, creating risks for patients 
and GPs. 
 ·  Safety is created, and risks minimized by introducing and 
standardizing processes to improve the reliability of results 
management systems. 
 ·  However, the practice culture must embrace a systems 
approach to this issue and a commitment to staﬀ  training and 
development. 
 ·  The outputs of this development work are of direct interest 
to frontline clinicians, managers and staﬀ , educators, patient 
safety advisors, health service researchers, professional 
bodies, and policymakers. 
D
ow
nl
oa
de
d 
by
 [R
ad
bo
ud
 U
niv
ers
ite
it N
ijm
eg
en
] a
t 0
2:4
3 1
0 O
cto
be
r 2
01
7 
  Safe laboratory testing  21
 Study design 
 We undertook a mixed methods qualitative study in the 
UK and Ireland contexts and then sought consensus on 
our ﬁ ndings at the wider European level between 
September 2011 and April 2013 (Figure 1). As a ﬁ rst 
step, we formed a steering group to co-ordinate project 
networking and development activities, and then anal-
yse, interpret and integrate study result data as they 
were generated. The group consisted of highly experi-
enced frontline UK and Ireland primary care staﬀ  repre-
sentatives including GPs, practice nurses and practice 
managers, as well as patient safety researchers, clinical 
educators, and human factors and medical indemnity 
specialists (four authors were also group members — PB, 
EF, JP and JM). 
 Data collection and analyses 
 As the qualitative data from each of the seven contribu-
tory studies brieﬂ y outlined in Figure 1 were generated, 
they were integrated and themed in line with what 
appears to be the only published generic system frame-
work for laboratory test requests and results handling 
(12). The process began with three authors (PB, EF and 
JM) independently reading and re-reading the informa-
tion generated by each contributory study (e.g. a written 
report on the ﬁ ndings of focus groups undertaken or a 
content analysis of the qualitative content of a medical 
indemnity database). Each then began to theme these 
ﬁ ndings and link relevant issues (e.g. the importance of 
a tracking process for reconciling tests orders with results 
received) to the most appropriate stages of the afore-
mentioned framework by recording these on a blank 
pro forma aligned to each stage. 
 Next, based on repeated comparisons of the written 
contents of the completed pro forma, a series of linked 
 ‘ good practice ’ statements were then jointly developed, 
reﬁ ned, merged, or deleted on an iterative basis by the 
three authors during six three-hour sessions of small 
group work (and follow-up email correspondence) to 
7. Ethnographic
study of the results
handling systems in
four general
practices
6. Observational
task analysis of
different results
handling systems
conducted in six
general practices
5. Medical
indemnity database
analysis uncovered
49 risk categories
associated with
results handling
systems
4. Five focus groups
with GP
administrative staff
& healthcare
assistants
(n = 40)
3. Four focus groups
of patients with a
chronic disease or
taking high risk
medications
(n = 19)
2. Four exploratory
workshops with
multi-disciplinary
GP staff groups
(n = 62)
1. Comprehensive
search of electronic
healthcare
databases led to
identification &
review of 55
relevant studies
8. Development of
good practice
statements
followed by expert
Delphi Group and
CVI Exercise
 Figure 1. Mixed study methods applied to generate  ‘ good practice ’ statements and achieve expert consensus using a Delphi group and content 
validity index (CVI) exercise. The timescale of most studies overlapped rather than being undertaken in sequential order. Studies 1, 2, 3, 4, 6 and 
8 were led by NHS Education for Scotland. Study 5 was led by the Medical Protection Society. Study 7 was led by the University of Dundee. Study 
8 was led by NHS Education for Scotland and involved all other research partners. 
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many elements of this guidance were currently desirable 
or achievable within the diﬀ ering political, economic, or 
healthcare policy contexts with regard to improving 
patient safety in primary care). Experts were also asked 
to identify any missing issues of high relevance that they 
deemed important for guidance inclusion. 
 RESULTS 
 The ﬁ nal international meeting led to consensus on 
10 generic safety domains and the inclusion of 77  ‘ good 
practice ’ statements that were judged by experts to be 
relevant to creating patient safety and minimizing risks 
in laboratory test ordering and subsequent results 
handling systems in European primary care settings 
(Table 1). 
 Application of the CVI exercise led to full agreement 
by the expert group on retaining the 10 safety domains 
identiﬁ ed in the initial consensus building development 
work undertaken in the UK and Ireland contexts. How-
ever, 16 of the previously developed 93  ‘ good practice ’ 
statements failed to achieve the necessary minimum 
80% agreement levels amongst the expert group and 
these were omitted from the ﬁ nal guidance. There was 
much discussion on the possibility of developing other 
safety domains or new statements of  ‘ good practice ’ , but 
after consideration, no new additions were appended. 
 DISCUSSION 
 Main ﬁ ndings 
 We developed expert consensus on safe laboratory test 
ordering and results management systems in selected 
European primary care settings. Of the 10 safety domains 
identiﬁ ed, the ﬁ rst two are concerned with the require-
ments needed to engender and maintain a commitment 
to improving local safety culture amongst team members, 
and the necessity for training and development of staﬀ  
in relation to results handling. Both domains recom-
mend taking a whole systems approach as one way to 
improve primary care team knowledge and understand-
ing of the diﬀ erent human interfaces, interactions, 
responsibilities and actions that are necessary to build 
and maintain system reliability (6,12,17,18). 
 The remaining eight domains focus directly on outlin-
ing the guiding principles identiﬁ ed as creating safety at 
each discrete stage of the laboratory test ordering and 
results handling system. Speciﬁ cally, much of the detail 
in these statements underpins the need for practice 
teams to ensure that they have a recognized high-reli-
ability process for tracking clinical investigations ordered 
by clinicians, reconciling these ordered tests with results 
received from the laboratory, ensuring that the results 
are then clinically reviewed and actioned or ﬁ led, and 
gain agreement on the relevance and wording of each 
statement and its relevance to each framework stage. 
The lead author chaired these sessions and wrote down 
the agreed statement versions — that were then checked 
and veriﬁ ed via email after each session by JM and EF. 
All statements included were triangulated (14) with 
emergent ﬁ ndings, i.e. to be included as a statement, the 
issue at hand had to have been raised as a safety concern 
in a minimum of three of the seven contributory studies 
(which was feasible because all focused explicitly on 
understanding safety issues of interest to the study). 
Where appropriate, we also divided the developed 
statements into  ‘ communication, ’  ‘ process ’ and  ‘ systems ’ 
sub-categories to aid relevance and usability. 
 The statements were then presented to the steering 
group for reﬂ ection, critical appraisal and feedback over 
the course of three separate full-day meetings and by 
email, until consensus was reached on each theme and 
the inclusion of related  ‘ good practice ’ statements or 
otherwise. The main output of this activity was a draft 
document divided into 10 safety domains with a total of 
93 related statements of  ‘ good practice ’ identiﬁ ed and 
agreed. For pragmatic reasons of time and available 
funding, no external validation of the quality of data 
analysis was performed. 
 Final consensus building 
 From within the LINNEAUS collaboration, we emailed all 
participating project leads from each country to partici-
pate voluntarily in the consensus-building element of 
the study. Those interested were sent the draft docu-
ment for feedback on salient language, cultural and sys-
tem issues that might help us to improve comprehension 
of the written statements within their national contexts. 
On our behalf, these project leads then identiﬁ ed and 
invited one or two clinicians from their country — who 
were judged to have relevant expert knowledge of the 
subject area — to attend a Delphi Group (15) meeting in 
London in March 2013. A content validity index (CVI) 
exercise was also used in conjunction with the Delphi 
method to help quantify a ﬁ nal cut-oﬀ  point for statement 
inclusion in the guidance (16). 
 A total of 10 international experts representing 
11 discrete national healthcare systems for handling 
laboratory results attended the London meeting. One 
professional worked in ﬁ ve diﬀ erent national primary 
care systems in the UK and all-Ireland, which gave them 
a unique cross-cutting perspective. Other participants 
represented Scotland ( n    2), France ( n    1), Greece 
( n    1), Poland ( n    2), Spain ( n    2) and the Netherlands 
( n    1). 
 The purpose was to critically appraise and ultimately 
agree on a ﬁ nal set of high-level safety domains and 
related  ‘ good practice ’ statements of relevance in 
international settings (irrespective of whether some or 
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  Safe laboratory testing  23
with results management systems — enabling us to tap 
into arguably the largest known source of empirical data 
on the subject. 
 The main limitations were the over-emphasis on con-
sensus development in the UK and Ireland contexts and 
the relatively small numbers of participants — particularly 
at the European level, where we were unable to recruit 
experts from several countries (Denmark, Germany, and 
Austria) — meaning that the developed consensus may 
be biased and not truly representative of the relevant 
safety issues aﬀ ecting international results management 
systems. For example, the guidance reﬂ ects the situation 
in the UK and some other countries where it is normal 
(because of heavy workload issues) for administrative 
staﬀ  to communicate most test results to patients, 
whereas in other European countries this task is per-
formed by a clinician. Further research and consultation 
is, therefore, necessary to bridge this gap, particularly in 
relation to the lack of epidemiological data on the scale 
and nature of related risks. However, there was a high 
the outcome is safely communicated to the patient 
with follow-up arranged, where clinically appropriate 
(6 – 13,17,18). 
 Strengths and limitations 
 A key strength was the application of a diverse range of 
qualitative research methods as a means of identifying 
error prone human-system interaction issues and cap-
turing  ‘ good practice. ’ This allowed us to triangulate ﬁ nd-
ings from diﬀ erent data sources. We were also able to 
recruit suﬃ  cient numbers of experienced primary care 
team members to assist in the development work, giving 
them space and time to think through the safety-critical 
problems aﬀ ecting their practice systems. Two methods 
where particularly innovative and of value in studying 
the topic: undertaking observational task analyses (23) 
of results management systems in a range of practices; 
and interrogating a national medical indemnity database 
containing information on a plethora of risks associated 
 Table 1. Ten high-level safety domains and examples of  ‘ good practice ’ statements. The complete set of good practice statements is provided as a 
web-only ﬁ le. 
High-level safety domain Sub-category Examples of  ‘ good practice ’ statements
A. Commitment to a systems 
approach and improving 
safety culture
System issue The prevailing practice culture  ‘ permits ’ or  ‘ allows ’ 
clinical and administrative staﬀ  to freely raise 
potential safety risks and other quality of care 
issues, viewing these as valuable opportunities for 
collective learning and improvement.
B. Commitment to staﬀ  training 
and raising awareness of 
roles and responsibilities
System issue Clinical and administrative staﬀ  are knowledgeable 
of the risks associated with laboratory test 
ordering, results tracking and communication and 
the potential consequences for patient safety.
C. Ordering laboratory tests Process issue identifying patients who do 
not make appointments for tests or who 
do not attend for a related appointment.
The practice should have a formal process for
D. Obtaining a sample Communication issue Ensure up-to-date patient contact details are 
conﬁ rmed.
E. Administration of samples Process issue samples appropriately (e.g. 
develop and use protocols for spinning).
Ensure all relevant staﬀ  is trained in handling
F. Transport sample to 
laboratory
Process issue to the laboratory and 
reconciling results that are returned.
A process exists for tracking all samples sent
G. Managing results returned 
to the practice
Process issue member to conduct small-scale 
four-weekly tracking audits of random 
samples to reconcile tests ordered with 
results returned and appropriately 
actioned.
Assign responsibility to an individual staﬀ 
H. Clinical review of laboratory 
results
Communication issue jargon) to be fed back 
to patients in a telephone call, letter or 
face-to-face.
Every action should contain clear information and 
speciﬁ c free-text words (avoiding medical
I. Results actioned or ﬁ led Communication issue on answer phones or 
voice mail devices (e.g. what level of 
information should be communicated, and 
how and when this should be done and 
by whom).
The practice protocol should detail patient choice 
on leaving results-related information
J. Patient monitored through 
follow-up
Communication issue attempts made by 
staﬀ  to get the patient to follow-up an 
action (e.g. return to the practice for 
further tests)
The practice protocol should outline what is agreed 
to be a suﬃ  cient number of direct
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problems will arise when guidance implementation is 
attempted (21). 
 For primary care educators, the implications of this 
work may include the need for short targeted training 
interventions for GPs and other frontline staﬀ . For exam-
ple, on how GPs could communicate test results in more 
speciﬁ c, precise and fewer ambiguous terms to frontline 
administrators to enable them in turn to inform patients 
in a safe, eﬀ ective manner and with greater clarity. 
Similar interventions are also needed for key staﬀ  on 
improving knowledge of whole systems thinking in the 
workplace (22), and perhaps even on interpreting and 
implementing aspects of the guidance itself. 
 It is likely that much work is required to raise aware-
ness of both the safety-critical nature of the results 
handling issue and the developed guidance amongst 
policy makers, senior healthcare management, clinical 
leaders and professional bodies across most European pri-
mary care systems. Potential indicators of success in this 
regard would be inclusion of the topic in national patient 
safety programmes or through pay-for-performance or 
quality accreditation schemes, while allocation of funding 
for related quality improvement or research initiatives 
may also be a favourable outcome. 
 Conclusion 
 We have identiﬁ ed and prioritized a whole range of 
safety-critical issues judged to be relevant to  ‘ good 
practice ’ in the systems-based management of labora-
tory results by frontline primary care team members, 
international experts and safety specialists. It is likely 
that a method for measuring compliance with the  ‘ good 
practice ’ principles developed will be necessary to assess 
system reliability and provide primary care teams with 
feedback to direct ongoing safety improvement eﬀ orts 
in this important area. 
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level of concordance with the UK and Ireland issues 
raised in both the published literature (6,8 – 12,18,19) 
and also when developing consensus with the interna-
tional experts, who strongly agreed that the safety prin-
ciples underpinning the great majority of  ‘ good practice ’ 
statements translated to their national contexts. The 
study scope and ﬁ ndings focus on high volume blood test 
requests, which may not be generalizable to other test 
ordering systems such as for radiology investigations, or 
less frequently ordered blood test requests. Finally, the 
volunteer stakeholders involved may not be representa-
tive of those with the greatest knowledge of the safety 
issues, while alternative research methods may have 
oﬀ ered more penetrating and broader insights. 
 Implications for primary care teams 
 At a fundamental level, primary care teams can immedi-
ately adapt elements of this guidance to help them 
develop new systems or augment existing systems, to 
minimize the risk of error and avoidable harm to patients. 
Similarly, it may also be used to improve existing formal 
introduction packs for new GPs, temporary doctors, GP 
trainees and other staﬀ  groups to educate them about 
the associated safety implications and professional 
accountability expectations, as well as describing how 
the internal system is designed and the related roles and 
responsibilities of relevant team members. In particular, 
for individual GPs, the guidance reinforces the fact that 
the ultimate responsibility for following-up blood test 
results lies with the clinician who ordered the test, there-
fore relying (as many do) on the patient to contact the 
practice is considered a potential clinical and medico-
legal risk (7,11). 
 Unlike other health sectors (e.g. acute hospital 
care), primary care teams in many countries inhabit 
comparatively small non-bureaucratic organizations 
that have the power and resources to develop and re-
design their own internal systems for managing patient 
care, including laboratory results handling. The GP, and 
to a lesser extent the practice manager and the admin-
istrative support staﬀ , is pivotal to the decision-making 
and problem-solving governing this aspect of care. 
However, a key issue for GPs in considering the safety 
improvement merits of this guidance is to appreciate 
more explicitly the psycho-social factors (e.g. low levels 
of work autonomy, poor working relationships, heavy 
workloads and high job stress amongst individual staﬀ  
members) and socio-cultural and organizational issues 
(e.g. staﬃ  ng levels, strength of team working, commit-
ment to staﬀ  training and professional development 
and quality improvement, and dominant power hierar-
chies) that will inﬂ uence the eﬀ ective implementation 
of guidance (19 – 20). Therefore, where existing psycho-
social and practice culture issues militate against 
this purely  ‘ technical solution ’ , then it is likely that 
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